associated with carotid atherosclerosis, thereby indicating that elevated serum uric acid levels might contribute to the development of subclinical atherosclerosis in CSX patients.
Introduction
Cardiac syndrome X (CSX) is a clinical entity characterized by angina-like chest pain with a positive response to exercise stress testing and normal coronary angiographic findings [1, 2] . The exact pathophysiological mechanisms underlying CSX have not been fully elucidated. However, endothelial dysfunction following microvascular ischemia is thought to play a key role in the development of CSX [3, 4] .
Serum uric acid is known as the final oxidative product of purine catabolism in humans. Several studies have demonstrated that there has been a strong relationship between serum uric acid and atherosclerotic diseases [5] [6] [7] [8] [9] . Serum uric acid may contribute to atherosclerosis through several pathways including deleterious effects on endothelial dysfunction, oxidative metabolism, platelet adhesiveness, hemorheology, and platelet aggregation [10] [11] [12] .
Increased serum uric acid level may play a role in the pathological processes of CSX and so, we aimed to investigate serum uric acid level and its relationship to carotid intima-media thickness (CIMT) in patients with CSX.
Subjects and Methods

Study Population
Fifty patients with CSX (28 females/22 males, 51.0 8 10.9 years, range 28-73) and 40 controls (27 females/13 males, 53.0 8 10.2 years, range 31-72)]were included in the study. The diagnosis of CSX was based on the presence of typical effort angina, transient ischemic ST-segment depression ( 6 1 mm) during the treadmill exercise test and angiographically normal coronary arteries. The control patients consisted of individuals who had chest discomfort, negative treadmill test and angiographically normal coronary arteries and whose age, sex and coronary artery disease risk factors were similar to those of the patients with CSX.
Exclusion criteria included acute coronary syndrome, valvular heart disease, left ventricular hypertrophy, atrial fibrillation, cardiomyopathy, pericarditis, congenital heart disease, heart failure, renal and hepatic failure, acute and chronic inflammatory diseases, anemia, gout, malignancy, immunological disease, hormone replacement therapy, history of diuretic use and excessive alcohol consumption. The study was approved by the institution's Ethics Committee and written informed consent was obtained from all participants of this study.
Carotid Ultrasonography B mode carotid ultrasonography was performed to assess CIMT in all subjects, using a high-frequency ultrasound system (HDI-5000; ATL, Bothell, Wash., USA) and a 7-to 10-MHz linear array transducer. Both common and internal carotid arteries and carotid bulbi were examined morphologically in detail in all patients. We used zoom window for measurement. The region where CIMT was measured was 1 cm proximal to the carotid bifurcation, for both common carotid arteries. The CIMT was measured as the distance from the intima-luminal interface to the mediaadventitial interface within the far wall. CIMT was calculated as the average of 10 measurements, for both common carotid arteries. All measurements were obtained by a single observer (K.M.), who was blinded to the clinical status of the patients, and the intraobserver variability of ultrasonographic measurements was ! 3%.
Treadmill Exercise Stress Test
Treadmill exercise test was conducted according to the modified Bruce protocol (T600 Treadmill, Spacelabs Burdick, Inc., Wisc., USA). All participants were requested to avoid food, alcohol, caffeine, or smoking at least 3 h before the test. During the test, the heart rate, ECG, and blood pressure values of all participants were recorded and all participants were continuously monitored using three ECG leads (V2, V5 and aVF). A positive treadmill test was defined as the presence of 6 1.0 mm horizontal or downsloping ST-segment depression at 80 ms from the J point during the test.
Coronary Angiography
Coronary angiography was performed using standard Judkins technique without the use of nitroglycerin in all subjects (Philips Medical Systems Integris H 3500 ve 5000). Normal coronary arteries were defined as having no visible luminal narrowing or irregularity. During coronary angiography, to exclude the possibility of coronary artery vasospasm, all patients underwent a hyperventilation test, which was performed by asking the patients to breathe quickly and deeply for 5 min. The angiographic analysis was performed by 2 observers (E.A., H.T.) independently blinded to the clinical details of the study and any disagreement was resolved by consensus.
Biochemical Measurements
Blood samples were obtained from the cannulated antecubital vein in serum tubes at 08.00-10.00 a.m. following an overnight fasting period. Serum uric acid levels were measured with enzymatic colorimetric method using an Abbott-Architect autoanalyzer (Abbott Laboratory, Abbott Park, Ill., USA). The normal reference ranges in our laboratory for serum uric acid for women and men were 2.6-6 and 3.5-7.2 mg/dl, respectively. The other biochemical analyses were determined by standard methods.
Statistical Analysis
Statistical analysis was performed using SPSS software package, version 17.0 (SPSS Inc., Chicago, Ill., USA). All continuous variables were expressed as mean 8 standard deviation and categorical variables were expressed as numbers. For continuous variables unpaired Student's t test and for categorical changes Pearson's 2 test were used. The correlations between serum uric acid levels and other variables were evaluated by the Pearson's correlation test. Statistical significance was accepted as p value ! 0.05.
Results
Baseline clinical characteristics and laboratory findings are given in table 1 . There was no statistically significant difference between the patients with CSX and the control subjects regarding age, sex, smoking, body mass index, systolic and diastolic blood pressure, glucose, cholesterol and creatinine levels. None of the patients exhibited any visible luminal narrowing or irregularities on coronary angiograms.
Serum uric acid levels were higher in patients with CSX than in the control subjects (5.1 8 1.8 vs. 3.9 8 1.3 mg/dl; p = 0.002, fig. 1 ). The normal values of CSX and control groups for serum uric acid levels were 66 and 75%, respectively. The highest quartile of the CSX group was 28% and that of the control group was 32%. The CIMT was higher in patients with CSX than in the control subjects (0.75 8 0.18 vs. 0.63 8 0.09 mm; p ! 0.001). There was a significant correlation between serum uric acid values and CIMT measurements in patients with CSX (r = 0.666, p ! 0.001, fig. 2 ).
Discussion
In this study, the serum uric acid levels were significantly higher in patients with CSX than in the control subjects (p = 0.002) and also there was a strong correlation between serum uric acid levels and CIMT measurements. These results may indicate that elevated serum uric acid levels are associated with the atherosclerotic process of CSX.
The exact pathophysiological mechanisms underlying CSX are not fully understood. However, endothelial dysfunction leading to microvascular angina and impaired coronary flow reserve have been proposed as the main pathogenetic mechanisms [3, 4, 13] . Cox et al. [14] demonstrated the presence of endothelial dysfunction and subangiographic atheroma in patients with CSX. Abnormal coronary arteries with atheromatous plaques and intimal thickening have been observed by intravascular ultrasonographic studies in patients with CSX [14, 15] .
Several studies have demonstrated an association between serum uric acid level and atherosclerosis [5] [6] [7] [8] [9] . Patetsios et al. [16] have found uric acid to be present in increased amounts in atherosclerotic plaque and they postulated that it might have played a role in the development of atherosclerosis. Moreover, previous studies [17] [18] [19] have shown that uric acid is associated with many risk factors for coronary artery disease, such as hypertension, hyperlipidemia, diabetes mellitus and obesity. There may be several mechanisms by which uric acid is associated with atherosclerotic disease. Uric acid promotes the activation of endothelial cells, platelet activation and increased platelet adhesiveness [12, 20, 21] . Furthermore, uric acid stimulates vascular smooth muscle prolifera- tion and up-regulates the expression of platelet-derived growth factor and monocyte chemoattractant protein 1 [22, 23] . Additionally, animal studies have shown that experimental hyperuricemia may cause endothelial dysfunction through decreased nitric oxide production [24] . In our study, we found that serum uric acid levels were higher in patients with CSX than in the controls.
CIMT is measured noninvasively by ultrasonography and is a well-established index of early-stage atherosclerosis [25, 26] . Our finding that CIMT is increased in patients with CSX in spite of angiographically normal coronary arteries confirms these previous findings [27, 28] . It also confirms the reports of Cox et al. [14] and Wiedermann et al. [15] regarding the presence of subangiographic atheroma in CSX patients and therefore emphasizes the limitations of coronary angiography in detecting early signs of atherosclerosis, such as intima-media thickening.
Study Limitations
The main limitation of our study was the comparatively small size of the study population. Another limitation was the possibility of any underlying coronary artery spasm in patients with CSX, which was ruled out by a hyperventilation test despite the superiority of the ergonovine test. Finally, we did not assess insulin resistance in our study. It is believed that there is a relationship between serum uric acid levels and insulin resistance. If we had assessed insulin resistance in our study, we could have ruled out insulin resistance as a possible con0founder.
Conclusion
Serum uric acid levels were significantly higher in patients with CSX than in the control subjects and there was a strong correlation between elevated serum uric acid levels and increased CIMT. Hence, elevated serum uric acid levels might play a role in the pathological process of CSX and allopurinol might be beneficial in the treatment of patients with CSX.
